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(https://creativecommons.org/licenses/by/4.0/). (>500 °C). In this work, we have solved current issues of TiO> 
Keywords— photocatalysts, M-doped TiO2, | Photocatalysts by synthesizing nano-scaled advanced-structured Ir-doped 
VOCs, n-hexane TiO2 materials in photocatalyst application for n-hexane decomposition, 
which has not been studied lately. The Ir-doped TiOz2 photocatalyst is 
synthesized by one-stage hydrothermal method without using any 
surfactant or heating process after reactions. We found that the efficiency 
in n-hexane treatment of Ir-doped TiO2 photocatalyst with different ratios 
is relatively higher than other previous studies. It can be explained by 
the synthesis process of Ir-doped TiOz material optimizing nano-scaled 
particles (10-15mm), large surface area (170 m/e) and good crystallinity 
with the combination of anatase phase and rutile phase. Specially, Ir 
doping reduces the band gap of Ir-doped TiO2 material from 2.5 to 2.7 eV, 
compared to 3.2eV of undoped -TiO2 material’s band gap, depending on 





the doping ratio in which the function of doped Ir metal is affecting the 
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I. INTRODUCTION 


Recently, photocatalysts are becoming promisingly 
alternative material for air treatment due to some 
advantages such as the ability to deal with wide range of 
pollutants, high efficiency, simple operation and 
maintenance, reducing energy needed for degradation of 
volatile organic compounds (VOCs), therefore they can 
improve the quality of the air [1-3]. However, the 
application of TiO2 photocatalyst material is still limited 
because of the short range of wavelength affected 
(A < 400nm) and the low adsorption capacity of solar 
and indoor raditions (less than 5%) because the band gap 
of TiO? has relatively high energy (anatase TiO2, ~3.2 eV) 
[5-6]. To solve this issue, some methods of enhacing 
efficiency of TiO2 photocatalyst have been studied. In 
those methods, the method of doping metals into TiO2 
lattice structure is considered as the sufficient approach to 
narrow the band gap [7-8] and decline the rate of 
recombination of electrons and holes, thus improve the 
photocatalytical efficiency of TiO2 in visible light region 
[9]. In 2011, Ming Jin et al. [12] synthesized the W-doped 
TiO2 photocatalyst by electrospining method and heating 
at 550°C to decompose acetone. The result showed that 
W-doped TiO2 photocatalyst has the high capacity of 
acetone oxidation. It can be explained by the reduction 
mechanism from W®t to W>*, in which W®* donates the 
photogenic electrons to prevent the recombination of 
electron-hole pair. However, by experimenting different of 
W/Ti ratios, from 2% to 8%, the authors concluded that 
with the increased proportion of W doped, the 
photocatalytic activity decreased. M. Hinojosa-Reyes et al. 
(2013) [13] used the perlite granules coated with In-doped 
TiO2 photocatalyst to decompose ethylbenzene gas [13]. 


The In-doped TiO2 materials, containing 1.0 and 5.0 wt% 
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activity in photoreaction of TiOz by electrons or holes “traping” 
mechanism changing the electron/hole combination rate, hence enhancing 


the n-hexane treating efficiency. 


of In doped, are synthesized by sol-gel method from 
Titanium (IV)  isopropoxide and Inidium (III) 
acetylacetonate precusors, then heated at 400 °C in 4 
hours. The products showed that 5.0 wt% In-doped 
Ti02/perlite photocatalyst has the — ehtylbenzene 
degradation efficiency of ~25% in 40 minutes, higher than 
the efficiencies of Ti102 (P25) photocatalyst with ~15%. 
However, the result also showed that 5 wt% In-doped TiO2 
photocatalyst has the band gap of 3.32 eV, which is higher 
than the band gap of commercial TiO2 (P25) photocatalyst 
(3.26 eV). This is also the limit of the In-doped T1iO2 


photocatalyst in visible light region. 


In 2014, Siva Nagi Reddylnturiet al. [14] also 
investigated a series of M-doped TiO2 photocatalyst 
materials (M = V, Cr, Fe, Co, Mn, Mo, Ni, Cu, Y, Ce, and 
Zr) to decompose acetonitrile vapor. The M-doped TiO2 
photocatalyst material was synthesized by the method of 
Flame Spray Pyrolysis (FSP). Within the investigated 
M-doped TiO2 photocatalysts, the Cr-doped TiO2 
photocatalysts presented outstanding activity with the 
energy bandgap, which reduced to 2.90 eV under visible 
irradiation. At the same time, M-doped samples of other 
metals do not have similar activity in the identical 
experimental condition. The superior activity of Cr-doped 
TiO2 was explained by the migration of electrons from 
TiO: to the Cr component, leading to a strong Cr-O-Ti 
bond. After investigating M-doped activities under visible 
radiation, the author concluded that the photolysis activity 
of the Cr-doped TiO2 sample performed 8 to 19 times 
higher than others, ranking then were Fe and V doped 
samples, and other metals had negligible activity, 
respectively. In 2015, Haibao Huang et al. [15] 
investigated a series of transition metals (Mn, Co, Cu, Ni, 


Fe) doping into the TiO2 network to improve the benzene 
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decomposition under vacuum ultraviolet (VUV) 
irradiation. M-doped TiO2 photocatalysts (M = Mn, Co, 
Cu, Ni, Fe) were synthesized by the sol-gel method and 
calcined at 550 °C C for 4 hours. The particle size range 
of the resulting photocatalyst material has about 10-40 nm, 
and the specific surface area is < 50 m*/g. The results 
show that the Mn-doped TiO», material has the highest 
benzene decomposition efficiency (~58.0%) and ozone in 
the range of investigated materials. However, previous 
work has only focused on the treatment of acetone [10, 
12], ethylbenzene [13], xylene [11]; few researchers have 
addressed the problems of the n-hexane organic 
compounds treatment. The treatment efficiency of 
n-hexane treated by M-doped TiO, photocatalyst was 
shallow because the M-doped TiO, photocatalyst 
materials still give bandgap energy > 3.0 eV [16, 17]. In 
addition, the sol-gel method combined with the 
post-reaction calcination stage were often used to 
synthesize M-doped TiQ, photocatalysts, resulting in 
large particle size and low specific surface area (<100 
m?/g) [15, 16, 18] should lead to low decomposition 
efficiency of volatile organic compounds (VOCs). 
LexuanZhong et al., 2013 [4] studied how to coat TiO, 
particles on glass fibers by coating the support; the results 
were obtained TiO, particles with particle size about 
3.5 nm and decomposed n-hexane with n-hexane 


concentration: 500 ppb, relative humidity: 40-60%. The 


resulting yield was 25%. 


In this study, we want to solve the above problems of 
M-doped TiO2 photocatalyst by synthesizing the new 
nanostructure of Ir-doped TiO2 with low and different 
Iridium concentrations which is applied as photocatalyst for 
n-hexane decomposing which has not been studied before 
[19-21]. By doping metallic Ir into TiO» structure, the 
band gap can be reduced by more than 25% compared to the 
band gap of undoped-TiO2 photocatalysts [22] due to the 
approximation in the radius of Ir** ion (rr = 0.625 A) and 


Ti“ ion (rri = 0.605 A) increases the efficiency in doping Ir 
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compared to doping other elements, thus it reduces the band 
gap of TiO? significantly. Furthermore, Iridium has some 
unique properties such as anti-sintering, lower surface 
coverage, charge spray properties, and non-toxicity, which 
cannot be found in other metals [21, 23-25, 26] so that it 


could be improved the n-hexane decomposition efficiency. 


II. EXPERIMENTS 
2.1 Synthesis of Ir-doped TiO2 Photocatalyst 


The Ir-doped TiO2 photocatalyst is synthesized by 
single-stage hydrothermal method at low-temperature 
without using of any surfactant or stabilizers or 
post-reaction heat treatment. First, a quantity of salt 
(0.0035g; 0.0070g; 0.0105g, respectively correspond to 
0.5%, 1.0% and 1.5% of Ir) IrCl3.xH2O was dissolved in 
50 ml of distilled water. Because TiCl4 is easily 
hydrolyzed at room temperature, so it is necessary to 
adjust pH = 1.5 to limit the hydrolysis of TiCl4. Using 
micropipet add 220uL TiCl, into solution. The solution 
sample was transferred to the autoclave at 210 °C and in 8 
hours. After the end of the reaction time, the solution was 
allowed to cool naturally in air at room temperature, then 
centrifuged, filtered for solids and washed several times 
with distilled water until the pH reached neutral. Finally, 
the precipitate was dried at 800C for 8 hours to obtain 


Ir-doped TiO photocatalyst. 
2.2 Material Characterization 


The crystal structure analysis of the obtained samples 
was analyzed using a Bruker D8 Advance X-ray 
diffractometer using Cu K, radiation (A = 1.540598 nm) 
in the 20 range of 10 — 80 ° at a scanning rate (28) 
of 5 mint. The morphologies of the pure TiO2 and 
Ir-doped TiO2 samples were characterized by field 
emission scanning electron microscopy (SEM) on a 
HitachiS-4800, transmission electron microscopy (TEM) 
on a JEM 1400 operated at 100 kV and field-emission 
transmission electron 


high-resolution microscopy 
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(HRTEM) on a TALOS F200x with an acceleration voltage 
of 200 kV equipped with an energy-dispersive X-ray 
spectroscopic analysis (EDS) system. X-ray fluorescence 
(XRF) measurement was performed on ARL ADVANT’X 
(Thermo) at an accelerating voltage of 30 kV to record the 
elemental composition in the as-obtained nanomaterials. In 
the BET method, Nz adsorption/desorption isotherms were 
performed on NOVA 1000e at 77K to measure the surface 
area and pore size of the TixIr1-xO2 catalysts. Before BET 
measurements, the specimens were degassed/dried at 
250°C for 3 hours to eliminate water molecules 
adsorbed in the meso/micropores of the catalyst support. 
Measurements of the UV-visible diffuse reflectance spectra 
(DRS) of samples were carried out on a UV-Vis 
spectrophotometer (JASCO-V670) at room temperature in 
the range of 350—800 nm. 


2.3 N-hexane treatment System 


n-hexane (C6Hı2) oxidation reactions occuring on the new 
nano-scaled Ir-doped TiO2 photocatalyst are performed in 
a specifically built system. The concentration of gas 


n-hexane is measured before and after being blown 
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through the photocatalyst for analysing photocatalytic 


properties of the material. 


The experimental system is shown in Figuer 1 


includes: 


- API pump blowing air into the system 

- A glassy column containing silicagel 
material, which is kept by two rubber caps 
and glassy cotton to remove humidity out of 
inlet air. 

- A glassy column containing activated carbon 
to clean and remove the residual humidity. 

- AFI flowmeter to control the air flow rate. 

- A 5mm — diameter glassy tube containing a 
drop of n-hexane in distilled water) 

- An alcohol burner to evaporate a drop of 
sample. 

- A four-way valve to control the direction of 
gas flow. 

- A 3L air bag to stabilize the concentration of 


gaseous sample before introduced through 


the photocatalyst layer. 








Fig.1: Schematic diagram of n-hexane treatment using Ir-doped TiO2 photocatalyst system in laboratory. 


1. Rubber cap; 2. Glassy cotton; 3. Silicagel; 4. Activated carbon; 5. Alcohol burner; 6. Sample drop; 7. Glassy tube; 8. 


Cooling fan; 9. Bag containing inlet gas; 10. Reaction tube; 11. Photocatalyst; 12. UV light; 13. Bag containing outlet gas.P1: 


Pumping air in; P2: Withdrawing air out; Fl: Flow meter for inlet gas; F2: Flow meter for gas passing through photocatalyst. 
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2.4 Treatment process of n-hexane 


The tightness of the system was checked by using soap on 
the joints and using a pump to blow air through the system; 
if soap bubbles did not present, then the system was utterly 
sealed. System tightness testing was conducted at the 
beginning of the test sessions. During the testing sessions, 
the tightness test would be re-run and corrected whether 
the following signs were observed: the joint was not 
sealed, the flowmeters Fl and F2 were not working or 
working weaker, the tension of the airbag was not adequate 


after a certain period of air collection. 


AC DC 


Bio International Sc 



















2656.09 kWh/d 
371.78 kW peak 


Converter 


Z- 


Experiment according to the following steps: (1) Fasten the 


F) 


z 
N 





LA 





inlet sample airbag to the connection position with valve 
V3, open valve V6 (airbag valve), set flowmeter F1 to 1 
liter/min, lock all valves, stuff glass wool, and drops of a 
sample (consisting of 0.02 mL n-hexane and V mL 


distilled water) into the sample dropper tube, light the 
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alcohol burner, and heat the glass tube containing the 
droplet over the flame for 1 min; (41) Open valve V5 and 
V3, then turn on pump P1 and start a timer simultaneously, 
collect air within 3 minutes to fill the bag, turn off valve 
V6 of the airbag, turn off pump and alcohol burner, lock 
remaining valves; (ii) Stuff O.lg of the synthesized 
catalyst material into the glass tube, divide the amount of 
catalyst into three equal segments alternating with glass 
wool samples so that the catalyst is evenly distributed on 
the tube. Turn on the radiator fan, UV lamp, let the UV 
lamp works for 10 minutes before operating to ensure that 
the emitted radiation is stable, fasten the airbag to the 
connection position with valve V11, open valve V12 of the 
airbag; (iv) Turn on pump P2, open valve V6, and start 
pressing the timer simultaneously; collect investigated air 
for the time t (minutes) with the set flow until the airbag 
reaches the appropriate tension. Lock valve V12, V11, 
remove the gas sample's airbag, turn off pump P2, and turn 
off the UV lamp; (v) After the gas collection is complete, 
clean the system: glass tubes containing sample drops and 
catalyst column; lock valve V3, open valve V2, and V13 to 
blow air into the system, then close all valves. Hence, 
prepare for the next experiment and (vi) After being 
labeled with the symbol, the airbag containing the sample 
is placed in the tank and transferred to the analysis 
company to conduct gas chromatographic analysis for 


determining the concentration of n-hexane. 
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Il. RESULTS AND DISCUSSION 


3.1 Characterization of It-doped TiO2 Photocatalyst with different ratio of Ir doping in TiO2 


*Anatase TiO» (JCPDS po 21-1272 


1.5% Ir doped TiO, 


| 1.0% Ir doped TiO, 


0.5% Ir doped TiO, 


Undoped- TiO, 


OBrookite TiO, JCPDS (no 029-1360) 





45 50 
2 theta (°) 


Fig.3: X-ray diffraction patterns of Ir-doped TiO2 photocatalysts with different Ir-doped ratios of 0.5%, 1.0%, 1.5% 


respectively 


Figure 3 shows XRD _ measurement of the 
photocatalysts with different Ir-doped ratios of 0.5%, 
1.0%, 1.5%. The result shows the diffraction peaks of pure 
undoped-TiO2 are at 20 positions of 
25°, 36°, 41 °, 48°, 55°, 57°, 63°, 69° respectively 
corresponding to (101), (103), (210), (200), (105), (201) 
faces, in which the (204) and (116) faces might relate to 


anatase TiO2 phase tetrahedral. The peaks of IrOz are not 


obtained, thus it might show that Iridium was successfully 
doped into TiO. structure. The intensive peaks at 20 
positions of 25°, 36°, 55° indicate the crystallographic 
orientation of anatase phase, besides that, the peak at 20 
position of 27° corresponds to the crystallographic 
orientation of rutile phase. The intensive peaks show that 
the formation of anatase phase is more preferred than 


formation of rutile phase. 





Fig.4: TEM images of Ir-doped TiO2 photocatalysts with different Ir-doped ratios of (a) 0.5%; (b) 1.0%; (c) 1.5% 
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The formations of Ir-doped TiO2 nanoparticle samples 
shown in Figure 4 indicate that the synthesized 
photocatalytic material mainly have cubic structure and 
average size of particles is from 10 to 15 nm. The nanorod 
particles are corresponding to the formation rutile phase, 
while the nanocube particles are related to anatase phase. 
The existence of two particle structures is related to two 
phases, anatase and rutile. The predominace nanocube 


particles (anatase phase) is resistent with the XRD result. 


International Journal of Advanced Engineering Research and Science, 8(12)-2021 


In addition, the particles are uniformly distributed although 
the clusters still exist. It is found that from other previously 
studied M-doped TiOz photocatalysts, which are usually 
synthesized by sol-gel method combined with heat 
treatment at high temperature (>500°C) forming large 
particles, the Ir-doped TiO2 photocatalyst is synthesized by 
hydrothermal method in this work resulting in smaller 


particles. 


Table 1. XRF analysing results of Ir-doped TiO2 photocatalysts with Ir-doped ratios of 0.5%; 1.0%; 1.5% respectively 


Sample 


Ir proportion in sample 


(XRF measurement) 


0. 5% Ir doped TiOz 0.62% 


1.0% Ir doped TiOz 1.15% 





1.5% Ir doped TiO2 1.80% 


Table 1 shows the elemental composition of Ti and Ir 
gives a measure of the doping denaturation ratio by XRF 
method is close to the calculation theory and at an 
acceptable level, which shows that the elemental 
composition of the catalyst can be controlled relatively 
easily through modification of the initial precursors 
(irCl3.xH2O va TiCl4). However, the actual ratio tends to 
be positively error, which can be explained by the fact that 


TiCl4 is easily hydrolysed when exposed to the external 


environment, so the loss of TiO2 may be due to the 
addition of TiCl, into the solution. The solution has a small 


amount of TiCl4 hydrolyzed. 


The surface area of the synthesized catalyst samples 
was analyzed by N2 adsorption and desorption with 
Ir-doped TiO: catalyst samples, which have the 
proportions of 0.5%; 1.0%; 1.5% were presented in Table 
2; 


Table 2. BET analysis results 


Specific surface area (m7/g) Pore side (nm) 
0. 5% Ir doped T102 


1.0% Ir doped T102 


156 22 
164 2.1 


170 3,1 





1.5% Ir doped T102 


The surface area of the synthesized catalyst samples was 
investigated by N2 adsorption and desorption. The results 
showed that the Ir-doped Ti1O2 nano photocatalyst material 


at the proportion of 1.5% Iridium had the highest specific 
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surface area of 170 m?/g. This outcome was consistent 
with the TEM analysis results because the small cubic 
particle size makes the material's specific surface area 


higher. 
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Intensity (a.u) 





International Journal of Advanced Engineering Research and Science, 8(12)-2021 


Pristine TiO2 


mee 0,5% Ir doped TiIO2 


——— 10% Ir doped Ti02 


= 1,5% Ir doped TiO2 


350 400 450 500 550 600 650 700 750 80 
Wave length (nm) 


Fig.6. UV-VIS analysis results of 0.5%, 1.0% and 1.5% Ir-doped TiO2 catalyst 


In Figure 6, a significant difference could be observed 
in the absorption of the undoped TiO2 and Ir-doped TiO2 
photocatalysts having different Ir concentrations. In the 
wavelength region less than 400 nm, absorption of 
undoped TiO2 was observed because its bandgap was 
related to the bandgap excitation of anatase TiO2 
corresponding to this region-to-region transition. On the 
other hand, the Ir-doped TiO2 samples having different Ir 
concentrations showed an apparent absorption in the 


longer wavelength region, and the bandgap energy 


decreased from 3.2 (eV) to 2,5 (eV) in the visible 


irradiation 


3.2 The efficiencty of n-hexane treatment by Ir-doped 
TiO2 photocatalyst with different Ir-doped ratio of 
0.5%; 1.0%; 1.5% 


3.2.1 Effect of Ir-doped ratios on n-hexane decomposing 


efficiency 


Table 3. The experimental parameters in analysing the effect of Ir-doped ratios to n-hexane decomposing efficiency 


Iridium 


proportion volume 


(mL) 
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n-hexan H20 


volume 





Measure Airflow rate Time for 


humidity obtaining gas 


(mL/min) 
(%) (min) 
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Table 4. Gas chromatography results of determining n-hexane concentrations, corresponding with 0.5%; 1.0%; 1.5% 


Ir-doped TiO2z samples 


Concentrations of 


Iridium proportion 


reactions 


Co (mg/m?) 





n-hexan before 





Concentrations of Decomposing 


n-hexan after reactions efficiency 


Cm (mg/m?) H (%) 








12000 100 
90 
10000 - 
70 
8000 
60 
6000 50 
40 
4000 m 
ul 
20 
2000 
10 
0 0 


Untreated .5% Ir-doped Ti02 


m= Concentration of n-hexane (mg/m3) 


1,0% Ir-doped Ti02 1,5% Ir-doped Ti02 


=$ Decomposing efficiency (%) 


Fig.7. Effect of Ir-doped ratios on n-hexane decomposing efficiency 


Table 3 shows the experimental parameters in 
analysing the effect of Ir-doped ratios to n-hexane 
decomposing efficiency. Table 4 and the Figure 7 show 
the concentrations of n-hexane in gaseous sample 
before and after being treated with Ir-doped TiO» 
photocatalyst with different Ir-doped ratios. The 
reactions are taken place with the conditions of 
n-hexane and H2O sample drops of 0.02mL and 
0.11mL respectively (corresponding with the measured 
humidity of 72%), the 200mL/min airflow rate and 
15min residence time to fulfill TEDLAR BAG 3L 
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airbag. After finishing the experiments, with gas 
chromatography analysis, the n-hexane concentrations 
in 0.5%; 1.0%; 1.5% Ir-doped TiO2 are 4534 4534 
(mg/m°), 4616 (mg/m*) and 4799 (mg/m?) respectively 
and the corresponding decomposing efficiencies are 
57.18%, 56.42%, 54.68% respectively and the 
difference is not large. This result indicates that the 
Iridium proportion has negligible effect on n-hexane 
decomposing efficiency. For a saturated hydrocarbon 
and hardly decomposed compound like n-hexane, the 


obtained efficiencies of more than 50% are relatively 
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high. Different from treating, for the n-hexane, 0.5% therefore it is chosen to be the optimizing efficiency for 

Ir-doped TiO2 sample has the higher decomposing the following analyses 

efficiency than that of other samples (57.18%), 3.2.2 Effect of airflow rate on n-hexane decomposing 
efficiency 


Table 5: The experimental parameters in analysing the effect of airflow rate to n-hexane decomposing efficiency 


Ir proportion Volume of | Volume of | Measured Airflow Residence 


n-hexan drop H20 drop humidity rate time 
(mL/min) (phút) 





Table 6: Gas chromatography results of determining n-hexane concentrations, corresponding with airflow rate of 


125,200,350 (mL/min) respectively 


n-hexane n-hexane 
Airflow rate concentration before | concentration after Efficiency 


G (mL/min) reactions reactions H (%) 


Cm (mg/m?) 








12000 100 
90 
10000 
80 
70 
8000 
60 
6000 50 
40 
4000 
30 
20 
2000 
10 
0 0 
Untreated 125 mL/min 200 mL/min 350 mL/min 
m= Concentration of n-hexan (mg/m3) == Decomposition efficiency (%) 


Fig. 8. Effect of airflow rate to n-hexane decomposing efficiency 
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Table 5 shows the experimental parameters in 
analysing the effect of Ir-doped ratios to n-hexane 
decomposing efficiency. Table 6 and the Figure 8 show the 
concentrations of n-hexane in gaseous sample before and 
after being treated with Ir-doped TiO photocatalyst with 
different airflow rate of n-hexane. The results 
chromatographic analysis determined that the 
concentration of n-hexane was 4529 mg/m3; 4534 mg/m3; 
4585 mg/m’, from which the corresponding efficiency is 
57.24%; 57.18%, and 56.71%. Besides, the selection of 
optimal conditions needs to combine the factors of time, 
resources and economy, so in this case, the loading rate is 
350 mL/min (the gas collection time is 8, 5 min) is the 


optimal condition for n-hexane treatment. 


3.3 Proposed Mechanism of n-hexane decomposing 


reaction of Ir-doped TiO2 photocatalyst 


The n-hexane decomposition efficiency of Ir 
doped-TiO2 materials was compared with previous studies 


as shown in Table 7. Compared with these results, these 


results are higher than previous studies on the n-hexane 
processing ability of Ir-doped TiO2, showing that the 
n-hexane processing efficiency of Ir-doped TiO2 with 
different ratios gives the same efficiency. The higher 
processing efficiency than other studies was explained by 
the optimal Ir-doped TiO2 synthesis toward 10-15 
nm nano-sized materials, large specific surface area, good 
crystalline structure, and miscibility of the anatase and 
rutile phases. Especially when denaturing TiO2 by Ir, the 
bandgap of Ir-doped TiO2, depending on the denaturation 
ratio, decreased to 2.4-2.7 eV compared to 3.2eV 
of undoped TiO2. The ionic role of the Ir metal affected 
the photoreactivity of TiO2 catalyst by using an electron or 
hole "trapping" mechanism, thereby changing the 
recombination rate of e-/h+ (electrons/holes) despite the 
low bandgap of Ir-doped Ti02 photocatalysts. The above 
results show that the new Ir-doped TJ102 
nanoscale photocatalyst material was a potential catalyst 


and could be widely applied to treat n-hexane. 


Table 7: Results in analysing Ir-doped TiO2 photocatalyst for n-hexane decomposing 


Morphology Conditions Efficiency 


The size is Concentration of 50% [28] 
about 3.1 nm. n-hexan: 500 ppb, 

Large specific | relative humidity : 

surface area 40-60% 

(887.7 m7/g) 


Nanomater-ials Synthetic 
method 

TiO2 on carbon Method of 

tubes covering on 


supporter 


2 n-Hexan | TiO: on glass Method of 
fibers covering on 
supporter 
Ir-doped Ti02 hydrothermal 
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The size is 3,5 | n-hexan 25% [28] 
nm concentration: 500 

ppb, relative 

humidity : 40-60% 
The size is Concentration of 57% In this 
about 10-15 n-hexan : 10590 study 
nm ppm 
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The mechanism of treating toxic compound n-hexane in 
the air using Ir-doped TiOz2 photocatalyst was proposed as 


follows: 
Electron separation process: 


Electron and hole pairs would be produced whenever 
the sample material was irradiated with an appropriate light 
source. These electrons and holes would be the main 
oxidizing agents, but they moved freely in the lattice and 


easily recombined with each other: 


Ir-(TiOx) e` + yw * 


Electron trap process: 

In making Ir-doped TiO2 materials, Ir3+ ions were 
converted into Ir** and replaced in positions of Ti4+ ions in 
the crystal lattice, causing defects in the lattice. From the 
obtained results, based on the electron trapping and 
displacement mechanism proposed by Choi et al., the role 
of Ir in the Ir-doped TiO crystal lattice was described as 


follows: 
Electrons trap center: Irt + eg» — Ir?* (4.2) 
Holes trap center: Ir** + hw* — Ir (4.3) 
Electron Transfer Reaction 


After trapping the electron pairs, Irmetal would 
transfer electrons to the redox participating agents O2 and 


OH-: 


I+ OH — OH: (4.4) 


n-Hexan/ 
Toluen 


OyO; 0.16 


OWOH 24) 
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I++ O2 — On” (4.5) 


Due to the ability to trap both electrons and holes, the 
treatment efficiency of Ir-doped TiO2 catalyst was higher 
than other M-doped T102 catalysts. If only one of the two 
were trapped, the reaction efficiency would be low because 
the charges dissociate from the trap and move to the phase 
interface. The trap mechanism helped prevent the 
recombination of electrons and holes, increasing the 
lifetime of photogenerated electrons, thereby improving 
catalytic efficiency [27]. The water molecule adsorbed on 
the catalyst reacts with the hole, produces a hydroxyl 
radical, and oxidizes the organic compound. Photochemical 
reactions have been shown to depend on the production 
of hydroxy molecules [29], [30]. Oxygen is essential for 
photochemical reactions to occur. Usually, the rate of 
organic matter decomposition increases with oxygen 


concentration [31]. 


The treatment mechanism for organic compounds 


such as n-hexane by Iridium modified 


Ti02 photocatalyst could be summarized in Figure 9. 


Visible light 
{A > 455 nm) 


| 


Toluene is adsorbed 





Fig.9. A proposed mechanism to degrade toxic organic compounds using Ir-doped TiO2 nano-sized photocatalyst materials. 
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IV. CONCLUSIONS 


In this research, we have synthesized and analyzed 
the properties of TiO2 photocatalyst materials modified at 
the low Ir concentration with different Ir doping 
concentration (0.5%, 1%, and 1.5%). We found that the 
Iridium-doped TiOz photocatalyst materials, which were 
formed by higher anatase phase at different Ir 
concentrations, had a cubic-shaped particle with an 
average size in the range of 10 to 15 nm; the 1.5% Iridium 
sample had reached the specific surface of 170 m2/g, and 
its lowest energy bandgap was 2.5 eV. The n-hexane toxic 
volatile organic compound treatment system was instated 
to evaluate the ability of decomposing n-hexane at 
different Ir concentrations and different n-hexane gas 
flows. Interestingly, it was fond that the decomposition 
efficiency by Ir doped-TiO2 reached to 57% for n-hexane 
decomposition, which caould be explained by the ion of 
the modified metal Ir reducing the bandgap to 2.5 - 2.7 eV. 
It affected the photo-reactivity of TiO2 by acting as an 
electron/hole "trap," thereby changing the rate of e-/h+ 
recombination (electron/ holes) toward improving the 
n-hexane decomposition efficiency. The above results 
showed that the new nanoscale photocatalyst material T1O2 
modified Iridium was a potential catalyst and could be 
widely applied in treating toxic VOCs such as toluene, 


benzene, acetone. 
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